Fungal infections of the eye are an important cause of significant visual loss and blindness in some regions of the world, especially developing countries. Ocular mycoses remain a diagnostic and therapeutic challenge to the ophthalmologist. Corneal infection is the most frequent presentation, but the orbit, eyelids, lacrimal apparatus, conjunctiva, sclera and internal structures of the eye can also be affected. Candida spp., Fusarium spp. and Aspergillus spp. are the most frequently isolated organisms in fungal keratitis and in endophthalmitis. The difficulties posed by ocular mycoses are mainly related to establishing the clinical diagnosis, isolation of the fungal pathogen and effective local treatment, particularly in infections of the cornea. The critical issue in diagnosing fungal infection of the eye is microbiological identification of the etiologic agent in clinical samples. Early diagnosis and prompt treatment allow serious complications, including blindness, to be avoided. Local, systemic and even surgical treatment is applied in the therapy (Adv Clin Exp Med 2015, 24, 6, 1113-1117).
Inflammation of the eyelids in most cases has a bacterial etiology but fungi can also infect the superficial and deeper layers of the eyelid. The inflammatory lesions may be ulcerative, as in the course of infections caused by Cryptococcus spp., or productive, as in the course of blastomycosis. A case of a man with necrotic fasciitis of the eyelids caused by Cryptococcus neoformans after a trivial trauma by a splinter of wood has been documented [2] . Blepharitis caused by Rhinosporidium seeberi can also be observed; the most frequent location of this endemic infection is the conjunctiva [3] . Candida spp. infections usually appear in patients treated with broad-spectrum antibiotics or immunosuppressive drugs [4] . Changes in the eyelids characterized as an increasing nodule with a central ulcer, sometimes coexisting with keratoconjunctivitis, have been reported in more than Fungal infections of the eye are considered an important cause of significant loss of vision in some regions of the world, especially in Asia, where they are the main causes of blindness [1] . The inflammatory process typically involves the cornea, but the orbit, eyelids, lacrimal apparatus, conjunctiva, sclera and internal structures of the eye can also be affected. Ocular infections of fungal etiology still remain a diagnostic and therapeutic challenge for the ophthalmologist. The difficulties are mainly related to establishing the clinical diagnosis, isolation of the fungal pathogen and effective local treatment, particularly in infections of the cornea. The negative predictive factors include delayed diagnosis, resulting from a lack of suspicion of fungal etiology, and inadequate initial treatment. Poor penetration of antifungal drugs to the eye tissue and the poor commercial availability of drug formulations are also problematic.
50% of cases of ocular paracoccidioidomycosis; this infection is seen mainly in men over 30 years of age, employed in agriculture in endemic areas [5] . In this infection, typical changes are observed within the eyelids and require not only the use of antifungal drugs but also surgical removal of fibrotic lesions.
Tear Ducts
Fungal infection of the tear ducts is very rare. A very high risk factor for this infection is local therapy with antibiotics or corticosteroids [6] . Infection of the tear ducts is often accompanied by conjunctivitis. A lack of response to antibiotic or corticosteroid treatment raises the suspicion of fungal etiology. Natamycin drops have been used in local therapy, as well as rinsing the tear ducts and the lacrimal sac with a solution of amphotericin B or nystatin [7] . If there is no response to treatment, incision of the lacrimal ducts has been used. To reconstruct the lacrimal channels, intubation using silicone tubes can be used. Fungal etiology is responsible for about 5% of cases of lacrimal sac infection. The main pathogens include Aspergillus spp. and Candida spp., but cases caused by Rhizopus spp. have been reported as well [8] . Fungi usually cause chronic infections, where the main symptom is lachrymation accompanied by conjunctivitis and edema of the medial angle of the eyelid. Moreover, compression of this region causes the presence of a purulent discharge in the lacrimal point of the lower eyelid. Treatment often requires surgical removal of the lacrimal sac or anastomosis of the lacrimal sac with the mucosa of the nasal cavity [8] .
Conjunctiva
The prevalence of fungal conjunctivitis is low. In India, Sri Lanka and the Balkans, endemic infections caused by Rhinosporidium have been reported [3, 9] . Closed reservoirs of water constitute an important risk factor. Fungal conjunctivitis is usually secondary to inflammation of the cornea, lacrimal sac and tear ducts. The etiologic agents include fungi of the genera Candida spp., Aspergillus spp. Sporotrichum spp., Blastomyces spp., Coccidioides spp., Malassezia spp. and dermatophytes ( Microsporum, Trichophyton, Epidermophyton), which cause the symptoms of acute inflammation of the conjunctiva with mucopurulent discharge. The infected lesions usually have a productive character with a grayish deposit on the conjunctiva with further formation of eyelid-eyeball adhesions (in the case of a Candida infection) or papular changes of a white-yellow color (Sporotrichum spp.). In the case of an infection caused by Rhinosporidium, pink or red inflammatory changes have been observed, which may be pedicled and are usually located primarily in the palpebral conjunctiva [10] . Fungal conjunctivitis causes serious complications and requires intensive antifungal therapy; in the case of a Rhinosporidium infection, surgical debridement is also necessary.
Sclera
Fungal sclera changes are rare but have important clinical significance. Their occurrence has been reported in the course of inflammation of the cornea (caused by Absidia corymbifera, Acremonium spp. or Lasiodiplodia theobromare) [11, 12] , in traumas (caused by Aspergillus spp. or Sporothrix schenckii), [13] , as a complication of eye surgery, and as an endogenous infection. Appropriate therapeutic management is not clear, and success has only been obtained in some cases. Surgical debridement may also be needed.
Cornea
Inflammation of the cornea of fungal etiology manifests as purulent, ulcerative infection. According to different authors, this form of the disease may be responsible for 6% to 53% of cases of ulcerative keratitis [1] . The most frequent risk factors include trauma, long-term use of topical corticosteroids and antibiotics, systemic diseases, especially diabetes, pre-existing eye surface infections and contact lenses [1, 14] . Molds, such as Fusarium spp. and Aspergillus spp., are the predominant causes of fungal infections of the cornea in most parts of the world. They are found most frequently in young healthy men who work in the open air, such as farmers. Trauma factors include particles of mud or dust, tree branches, metal particles, plant-derived organic matter and the use of nylon-line brushcutters. Candida spp. is the most common etiologic agent of keratitis [14] . Fungal infections of the cornea can develop in people who previously suffered from ulcers of the stromal corneal epithelium as a result of infection with the Herpes simplex virus or the use of contact lenses. Fungal infections can occur in people with systemic diseases as well as in pre-existing diseases of the eye surface. Rosa [15] . Topically applied 5% natamycin is used as first line treatment in superficial corneal inflammation caused by filamentous fungi, whereas 0.15% amphotericin B or 1% econazole is used in Candida infections. Mechanical removal of the corneal epithelium over the pathological change facilitates the penetration of the drugs. The oral azoles -voriconazole, itraconazole and fluconazole -are used additionally if the inflammatory process involves deeper layers [16] . In severe cases, usually with the presence of pus in the anterior chamber of the eye, fluconazole can be used in subconjunctival injections. Tunnel boring keratoplasty is used in non-responders and in cases when corneal perforations are already present [16] .
Uveitis and Endophthalmitis
Bloodstream infections are a common cause of inflammation of the uveal tract. The risk factors include catheters, AIDS, neutropenia and immunosuppressive therapy. Most cases are caused by Candida spp.; other pathogens are Cryptococcus spp., Sporothrix schenckii and Blastomyces spp. [16] . Multifocal uveitis has been observed on the fundus of the eye, and deterioration of vision can be caused by changes located centrally on the fundus of the eye or accompanied by more severe vitritis. In infections caused by Cryptococcus neoformans, inflammation of the iris and cornea may also be present. Treatment with intravenous amphotericin B or with oral azoles (fluconazole, voriconazole or itraconazole) is indicated. Vitrectomy with the intravitreal administration of amphotericin B and voriconazole is used in infections accompanied by inflammation of the vitreous body [16] .
Presumed ocular histoplasmosis syndrome is a fungal infection caused by Histoplasma capsulatum, characterized by diffuse, multifocal choroidal lesions, some of which become scarred when they are no longer active. The course of the disease is usually asymptomatic, but a reduction in visual acuity may occasionally occur; those cases are associated with choroidal neovascularization of the subretinal membranes of lesions located in the macula. In therapy, surgical removal of choroidal membranes may be needed. In recent years, there have been reports of positive results from anti-vascular endothelial growth factor (VEGF) therapy in intravitreal injections [17] .
Fungi can cause both endogenous and exogenous endophthalmitis. Endogenous infections may be due to complications of fungal inflammations located in other organs, such as the heart valves, the central nervous system or the genitourinary tract. Candidosis is present mainly in people with weakened immune system, treated for sepsis with broad-spectrum antibiotics or nourished parenterally, as well as in immunocompromised patients after organ transplantation. Aspergillus spp. and Fusarium spp. are the most common causes of endogenous infection in drug addicts and people undergoing long-term corticosteroid therapy [18, 19] . The drug of choice is voriconazole [20] . Surgical removal of the vitreous (vitrectomy) is used in patients who do not respond to standard anti-fungal treatment [21] .
Exogenous endophthalmitis occurs after trauma, intraocular surgery or as a complication of corneal inflammation. Infection caused by Candida spp. is diagnosed predominantly after surgery, whereas fusariosis appears after injury and inflammation of the cornea. Infections caused by Paecilomyces, Aspergillus spp., Acremonium, Exophiala, Pseudallescheria, Scytalidium, Sporothrix spp. and Penicillium spp. have also been reported [21] . Diagnosis should be based primarily on cultures of the intraocular fluid, which in most cases are positive. In treating endophthalmitis due to Candida spp., without involvement of the vitreous body, the use of intravenous fluconazole or voriconazole is recommended. Beneficial effects of a combination of flucytosine with amphotericin B have also been reported. However, in candidosis and aspergillosis where the inflammatory process includes not only the choroid and retina but also the vitreous, the standard intravenous treatment should be further complemented by intravitreal voriconazole and amphotericin B. The vitrectomy procedure is used in those patients who do not respond to conservative treatment [22] .
Eye Socket
Infections of the eye socket are mostly a consequence of orbital inflammation in the surrounding tissues, such as the paranasal sinuses, skin and nasopharynx. Fungal infections of the tissues of the eye socket are significantly less common than bacterial infections, and they usually occur in people with poorly controlled diabetes, in immunocompromised patients with AIDS, in cancer patients, or in subjects who are taking long-term corticosteroids or immunosuppressive therapy [9] . The etiologic factors may include Mucor, Rhizopus, Absidia, Aspergillus spp., Blastomyces and Sporothrix spp. Prompt diagnosis and effective treatment of the primary disease are extremely important for the future prognosis. The therapy should be based on wide excision of the necrotic tissue early in the course of the disease and the implementation of antifungal drugs [23] . Liposomal amphotericin B used intravenously is usually effective. In severe cases, surgical removal of pathologically changed orbital tissues and pansinusectomy may be necessary [24] .
Diagnostics
The critical issue for diagnosing fungal infections of the eye is microbiological identification of the etiologic agent in clinical samples, including swabs from the conjunctival sac or tissue material (corneal scrapings, vitreous or other material obtained during biopsy). Smears of clinical samples stained by the Gram stain method to identify Candida spp., by methyl blue for the presence of filamentous fungi and India ink staining for Cryptococcus spp. can be used in routine diagnosis using light microscopy. Tissue materials such as corneal scrapings can be lightened with dimethyl sulfoxide (DMSO), which allows better visualization of the fungus. In the culture methods, the samples are inoculated on Sabouraud medium and incubated at 37°C and 27°C for 7-10 days. The plates are examined daily followed by macroscopic and microscopic evaluation of the colonies. Other diagnostic methods include the detection of specific antigens, such as the mannan antigen of Candida, the galactomannan antigen of Aspergillus and the cryptococcal antigen in serum samples. Molecular techniques, such as fluorescence in situ hybridization (FISH), polimerase chain reaction (PCR) and reverse transcription-PCR (RT-PCR) for the detection of genetic material of the fungi in clinical specimens can also be used. Histopathological examinations of tissue samples are always of great value in the diagnosis of invasive fungal infections, but are not always possible. High-resolution computed tomography imaging (HRCT) and magnetic resonance imaging (MR), which examine characteristic images changing dynamically in the course of the disease, can also be very useful [25] .
Summary
Fungal infections continue to be important causes of eye diseases. In Asia, fungal infections of the cornea are the major cause of blindness. Candida spp., Fusarium spp., and Aspergillus spp. are the most common pathogens responsible for corneal infections and mycoses of the eyeball. An increased risk of fungal infections is associated with immunodeficiency (e.g. AIDS), diabetes, surgery, antibiotic and corticosteroid therapy as well as drug addiction. Early diagnosis and rapid aggressive antifungal therapy have a significant impact on the course of the disease and may reduce complications, including blindness.
